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(54) Optical disk, aberration correction method and optical disk apparatus 



(57) A means for correcting the spherical aberration 
due to variations in substrate thickness in optical disks 
is described. A portion of the lead-in region of an optical 
disk (1 ) is provided with a particular pattern of pit trains. 
An optical disk apparatus is provided with an aberration 
correction element (14) which varies the diverging or 
converging angle of the incoming light beam to the con- 
denser (1 3), and control means (20) for controlling the 
adjustement of the aberration correction element. When 



the disk is inserted into the optical disk apparatus, the 
apparatus plays back the particular pattern while mov- 
ing the condenser back and forth along the optical axis. 
The amplitude of a playback signal output from a pho- 
todetector (12) with respect to focus error amount is de- 
termined by an aberration detecting section (21). The 
aberration correction element is controlled to minimize 
the difference in amplitude due to the focus offset 
amounts. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to an optical disk 
and an optical disk apparatus wherein light is con- 
densed at a very small spot to perform recording or play- 
back of information, and also to a method of correcting 
an aberration appearing on a very small spot upon re- 
cording or playback of information using an optical disk 
of the type just mentioned. 

Description of the Related Art 

[0002] An optical disk is known as an information re- 
cording medium which allows high density recording 
without contacting with the same, and a compact disk 
(CD), a digital versatile or video disk (DVD) and so forth 
have been put into practical use. In high density record- 
ing wherein an optical disk of the type described is used, 
in order to achieve increase of the capacity and increase 
of the density, the numerical aperture of a condenser of 
an optical system to be used for formation of a very small 
spot is increasing progressively. For example, whereas 
the numerical aperture for a CD in the past was 0.45, 
the numerical aperture for a DVD which allows higher 
density recording is 0.6. It is examined to use a con- 
denser of a further high numerical aperture of 0.8 or 
more in the future. 

[0003] Recording or playback of information onto or 
from an optical disk is performed usually by forming a 
very fine spot on an information recording layer of the 
optical disk. FIG. 15 schematically illustrates a manner 
wherein a very small spot is formed on an information 
recording layer of a conventional optical disk. 
[0004] Referring to FIG. 15, an optical disk 100 is of 
the type generally placed in practical use and includes 
a protective transparent substrate 101 which covers a 
surface of an information recording layer 102. A con- 
denser 1 03 is a component of an optical system of a 
recording-playback section of a known optical disk ap- 
paratus, and a laser beam for information playback or 
for information recording is condensed by the condens- 
er 1 03 so that a very small spot is formed on the surface 
of the information recording layer 1 02 of the optical disk 
100. The optical disk 100 is structured such that the in- 
formation recording layer 102 having a very small struc- 
ture of the less than micrometer order is protected by 
the transparent substrate 1 01 so that reliability in record- 
ing or playback of information can be assured. 
[0005] In the configuration wherein a laser beam con- 
densed by the condenser 1 03 passes through the trans- 
parent substrate 1 01 and forms a very small spot on the 
surface of the information recording layer 102 as de- 
scribed above, if the numerical aperture of the condens- 
er 103 is increased, then the influence of an aberration 
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' which appears with the spot when the thickness of the 
transparent substrate 101 is displaced from a designed 
value therefor increases, and therefore, it becomes dif- 
ficult to form a very small spot. If is said that, if the nu- 

5 merical aperture becomes, for example, 0.85, then the 
tolerance to the displacement of the thickness of the 
transparent substrate becomes less than several u.m. 
[0006] An influence of a spherical aberration upon a 
very small spot when the displacement of the thickness 

10 of the transparent substrate is within its tolerance and 
when the displacement is outside its tolerance is de- 
scribed. 

[0007] FIG. 1 6 illustrates a variation of the spot inten- 
sity distribution with respect to a variation of the focus 

is displacement where the displacement of the thickness 
of the transparent substrate is within its tolerance (the 
thickness of the transparent substrate is substantially 
within a designed range (prescribed range)). In this in- 
stance, the beam diameter exhibits a substantially sym- 

20 metrical variation before and after a focused point. Here, 
the focused point signifies a position at which the optical 
system including the condenser is focused on the object 
side (optical disk side) and corresponds to a focused 
point of a camera. 

25 [0008] However, if the substrate thickness exceeds 
the tolerance, then a spherical aberration which pro- 
vides concentric waveform variations appears. FIG. 17 
illustrates a variation of the spot intensity variation with 
respect to the variation of the focus displacement where 

30 the displacement of the thickness of the transparent 
substrate exceeds the tolerance. In this instance, the 
spot intensity distribution with respect to the variation of 
the focus displacement varies asymmetrically before 
and after the focused point and exhibits an irregular var- 

35 iation such that it has an increased side lobe or has an 
increased beam diameter at a certain portion thereof. In 
such a condition as just described, it is difficult to obtain 
a good playback signal. 

[0009] From the foregoing, in such acasethatthe dis- 
40 placement of the thickness of the transparent substrate 
exceeds its tolerance, it is demanded to detect an aber- 
ration amount caused by a displacement in thickness of 
a transparent substrate by some method and correct an 
influence of the aberration. 
45 [0010] Such an aberration detection apparatus as dis- 
closed in Japanese Patent Laid-Open No. 2000-20999 
has been proposed. FIG. 18 is a schematic view show- 
ing a general configuration of the aberration detection 
apparatus disclosed in the document just mentioned. 
so [0011] Referring to FIG. 18, the aberration detection 
apparatus incorporates an interference optical system 
in an optical system for detecting reflected light from an 
optical disk and detects an aberration amount from a 
variation of the intensity distribution caused by interfer- 
es ence. The aberration detection apparatus includes an 
interference plate 200, a convergent lens 201 , and a 
split light detector 202. Reflected tight from an optical 
disk, that is, light condensed by a condenser not shown 



2 



3 



EP 1 205 923 A2 



4 



and reflected from the optical disk, passes through the 
condenser again, and part of the reflected light is split 
and enters the interference plate 200. In the interference 
plate 200, the incoming reflected light is split, and the 
split light components are overlapped with each other 
in a state wherein they are spatially displaced from each 
other a little. The overlapped light is introduced into the 
split light detector 202 by the convergent lens 201 . If an 
aberration occurs, then the interference condition 
changes and the aberration can be observed as a vari- 
ation of the light intensity distribution by the split light 
detector 202. 

[0012] As described hereinabove, when the numeri- 
cal aperture of a condenser for forming a very small spot 
is increased in order to achieve further increase of the 
capacity and the density of an optical disk, if the dis- 
placement of the thickness of the transparent substrate 
for protecting the information recording layer of the op- 
tical disk exceeds its tolerance, then it is necessary to 
detect the aberration amount caused by the displace- 
ment of the thickness of the transparent substrate by 
some method and correct the influence of the aberra- 
tion. 

[0013] Although the aberration detection apparatus 
disclosed in Japanese Patent Laid-Open No. 
2000-20999 mentioned above can solve the subject de- 
scribed above, since it need include a new optical sys- 
tem for detecting an aberration in an optical system of 
an optical disk apparatus, this gives rise to a new prob- 
lem that it increases the scale of the apparatus and in- 
creases the cost. 

SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention to pro- 
vide an optical disk, an aberration correction method 
and an optical disk apparatus wherein a spherical aber- 
ration caused by a displacement of the thickness of a 
transparent substrate of the optical disk can be correct- 
ed without giving rise to an increase in scale of the ap- 
paratus or an increase of the cost. 
[0015] In order to attain the object described above, 
according to an aspect of the present invention, there is 
provided an optical disk, comprising an information re- 
cording layer having a recording face on which a very 
small spot for recording or playing back Information is 
formed, and a transparent substrate for covering the re- 
cording face of the information recording layer, the re- 
cording face of the information recording layer having a 
particular region in which a particular pattern from which 
a spherical aberration of the very small spot which ap- 
pears in accordance with a displacement of the thick- 
ness of the transparent substrate from a prescribed val- 
ue can be detected is formed. 

[0016] With the optical disk, since the particular pat- 
tern from which a spherical aberration of a very small 
spot which appears in accordance with a displacement 
of the thickness of the transparent substrate from a pre- 



scribed value (the displacement is hereinafter referred 
to as substrate thickness displacement) can be detected 
is formed in the particular region of the recording face, 
a spherical aberration can be detected by playing back 
5 the particular pattern. Since a conventional optical sys- 
tem for playback can be used for the playback of the 
particular pattern, there is no necessity to provide a new 
optical system in order to detect the spherical aberra- 
tion. 

10 [0017] The particular region may be part of a lead-in 
region formed in an innermost circumference region of 
the disk. With the optical disk, a spherical aberration 
caused by a substrate thickness displacement can be 
detected in an initial stage of playback of the disk. 

is [0018] The particular region may be formed at a plu- 
rality of locations of different radial positions of the disk. 
In this instance, the particular region may be formed at 
each of part of a lead-in region formed in an innermost 
circumference region of the disk and part of a lead-out 

20 region formed in an outermost circumference region of 
the disk. 

[0019] Where the particular region is formed at a plu- 
rality of locations of different radial positions of the disk, 
aberration correction can be performed with regard to 

25 the regions at the different radial positions of the disk. 
Consequently, where the thickness of the substrate ex- 
hibits a variation in a radial direction of the disk (radius 
dependency) like a transparent substrate which is pro- 
duced, for example, by injection molding, aberration cor- 

30 rection can be performed in accordance with the varia- 
tion of the substrate thickness in the radial direction of 
the disk. In this instance, where the particular region is 
formed at each of part of the lead-in region formed in an 
innermost circumference region of the disk and part of 

35 the lead-out region formed in an outermost circumfer- 
ence region of the disk, by playing back the particular 
pattern in the particular regions, a correction amount for 
the spherical aberration on the innermost circumference 
side and a correction amount for the spherical aberra- 

<o tion on the outermost circumference side of the optical 
disk are obtained. Thus, a correction amount for a 
spherical aberration in a portion of the optical disk in 
which data pits are recorded between the lead-in region 
and the lead-out region can be calculated readily 

45 through interpolation processing from the thus obtained 
correction amounts. 

[0020] The particular pattern may include a plurality 
of pit trains having different periods from each other and 
disposed alternately. In this instance, the particular pat- 

so tern may include a minimum period and a maximum pe- 
riod of coded data to be recorded on the recording face 
of the information recording layer. Further, a plurality of 
pit trains having different periods from each other may 
be disposed alternately over an entire circumference in 

55 the same track. 

[0021] Where the particular pattern includes a plural- 
ity of pit trains having different periods from each other 
and disposed alternately, playback signals which have 
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signal amplitudes different depending upon the periods 
of the pit trains are obtained, and if an amplitude varia- 
tion of each of the playback signals of the pit trains with 
respect to the focus displacement amount is deter- 
mined, then the amplitude variations exhibit a consider- 
able difference in focus displacement amount (focus off- 
set amount) with which a maximum amplitude is provid- 
ed. The focus offset amount corresponds to a spherical 
aberration of a very small spot caused by the thickness 
displacement of the transparent substrate. Consequent- 
ly, the spherical aberration can be corrected by such cor- 
rection as to minimize the difference between the focus 
offset amounts of the pit trains. Further, where the par- 
ticular pattern includes a minimum period and a maxi- 
mum period of coded data to be recorded on the record- 
ing face of the information recording layer, aberration 
correction for all of the periods of recorded pits of coded 
data can be performed through interpolation process- 
ing. Furthermore, where a plurality of pit trains having 
different periods from each other are disposed alter- 
nately over an entire circumference in the same track, 
a spherical aberration can be corrected in accordance 
with the thickness variation of the transparent substrate 
in a circumferential direction. 

[0022] The particular pattern may include pits or spac- 
es between pits of a first length and pits or spaces be- 
tween pits of a second length disposed alternately in a 
fixed period. With the optical disk, the ratio between the 
amplitude of the playback signal from the pits or the 
spaces between pits of the first length and the amplitude 
of the playback signal from the pits or the spaces be- 
tween pits of the second length varies in accordance 
with the spherical aberration caused by the thickness 
displacement of the transparent substrate. Consequent- 
ly, the spherical aberration can be corrected by setting 
the amplitude ratio of the playback signals of the pits or 
the spaces so as to fall within a predetermined range. 
[0023] According to another aspect of the present in- 
vention, there is provided an aberration correction meth- 
od, comprising a first step of forming, in a particular re- 
gion of a recording face of an information recording layer 
of an optical disk wherein the recording face of the in- 
formation recording layer on which a very small spot for 
recording or playing back information is formed is cov- 
ered with a transparent substrate, a particular pattern 
wherein a plurality of pit trains having periods different 
from each other are disposed alternately, a second step 
of moving a condenser for forming the very small spot 
along an optical axis of the condenser to play back the 
particular pattern to determine amplitude variations of 
playback signals of the pit trains with respect to a focus 
error amount, a third step of determining focus offset 
amounts each of which provides a maximum amplitude 
from the amplitude variations of the playback signals of 
the pit trains determined in the second step, and a fourth 
step of adjusting the angle with which a light beam in- 
coming to the condenser diverges or converges so that 
the difference between the focus offset amounts of the 



pit trains determined in the third step may be minimized 
to correct the spherical aberration of the very small spot 
which appears in accordance with a displacement of the 
thickness value of the transparent substrate from a pre- 
5 scribed value. 

[0024] According to a further aspect of the present in- 
vention, there is provided an aberration correction meth- 
od, comprising a first step of forming, in a particular re- 
gion of a recording face of an information recording layer 
io of an optical disk wherein the recording face of the in- 
formation recording layer on which a very small spot for 
recording or playing back information is formed is cov- 
ered with a transparent substrate, a particular pattern 
wherein pits or spaces between pits having a first length 
15 and pits or spaces between pits having a second length 
are disposed alternately in a fixed period, and a second 
step of adjusting the angle with which a light beam in- 
coming to the condenser diverges or converges so that 
the ratio between the amplitude of a playback signal 
20 from the pits or the spaces between pits of the first length 
and the amplitude of another playback signal from the 
pits or the spaces between pits of the second length may 
have a predetermined value to correct the spherical ab- 
erration of the very small spot which appears in accord- 
25 ance with a displacement of the thickness value of the 
transparent substrate from a prescribed value. 
[0025] Both of the aberration correction methods may 
further comprise a step of correcting a frequency char- 
acteristic of a signal output of a photo -detector which 
30 detects reflected light from the pits formed on the re- 
cording face of the information recording layer so as to 
be a predetermined frequency characteristic to correct 
the spherical aberration of the very small spot occurring 
in accordance with the displacement of the thickness of 
35 the transparent substrate from the prescribed value. 
[0026] According to a still further aspect of the present 
invention, there is provided an optical disk apparatus, 
comprising a condenser movable along an optical axis 
thereof for forming a very small spot for recording or 
40 playing back information on a recording face of an infor- 
mation recording layer of an optical disk wherein the re- 
cording face of the information recording layer is cov- 
ered with a transparent substrate, an aberration correc- 
tion element for adjusting the angle with which a light 
45 beam incoming to the condenser diverges or converges, 
a photo-detector for detecting reflected light from a pit 
formed on the recording face of the information record- 
ing layer, and control means for controlling the adjust- 
ment of the diverging or converging angle of the incom- 
50 jng light beam by the aberration correction element so 
that the amplitude of a playback signal, outputted from 
the photo-detector, of a particular pattern formed in a 
particular region of the recording face of the information 
recording layer from which a spherical aberration of the 
55 very small spot occurring in accordance with a displace- 
ment of the thickness of the transparent substrate from 
a prescribed value can be detected may be a predeter- 
mined amplitude. 
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[0027] The control means may include aberration de- 
tection means for moving the condenser along the op- 
tical axis of the same to obtain, from the output of the 
photo-detector, a playback signal of the particular pat- 
tern formed in the particular region of the recording face 
of the information recording layer and including a plural- 
ity of pit trains having periods different from each other 
and disposed alternately, determining, from the ob- 
tained playback signal, amplitude variations of the play- 
back signals of the pit trains with respect to a focus error 
amount and determining focus offset amounts each of 
which provides a maximum amplitude from the deter- 
mined amplitude variations of the playback signals of 
the pit trains, and incoming angle control means for con- 
trolling the adjustment of the angle with which the in- 
coming light beam diverges or converges by the aber- 
ration correction element so that the difference between 
the focus offset amounts of the pit trains determined in 
by the aberration detection means may be minimized. 
[0028] Alternatively, the control means may include 
aberration detection means for determining, from the 
playback signal, outputted from the photo-detector, of 
the particular pattern formed in the particular region of 
the recording face of the information recording layer and 
including pits or spaces between pits of a first length and 
pits or spaces between pits of a second length disposed 
alternately in a fixed period, a ratio between the ampli- 
tude of the playback signal from the pits or the spaces 
between pits of the first length and the amplitude of the 
playback signal from the pits or the spaces between pits 
of the second length, and incoming angle control means 
for controlling the adjustment of the diverging or con- 
verging angle of the light beam by the aberration cor- 
rection element so that the amplitude ratio determined 
by the aberration detection means may have a prede- 
termined value. 

[0029] The optical disk apparatus may further com- 
prise a variable frequency characteristic amplifier for 
correcting a frequency characteristic of the signal output 
of the photo-detector so as to be a predetermined fre- 
quency characteristic. 

[0030] The optical disk apparatus may further com- 
prise storage means f orstoring adjustment values of the 
diverging or converging angle of the incoming light 
beam by the aberration correction element set so that 
the amplitude of the playback signal of the particular pat- 
tern may be a predetermined amplitude, the control 
means calculating, upon playback of a pit train other 
than the particular pattern formed on the recording face 
of the information recording layer, an adjustment value 
for the pit train through interpolation from the adjustment 
values stored in the storage means in accordance with 
a period of the pit train and a radial position of the disk 
and performing the adjustment of the diverging or con- 
verging angle of the incoming light beam by the aberra- 
tion correction element with the adjustment value calcu- 
lated through the interpolation. 

[0031] With the aberration correction methods and 



the optical disk apparatus, the spherical aberration of a 
very small spot caused by the thickness displacement 
of the transparent substrate can be corrected in accord- 
ance with the action of the optical disk of the present 
5 invention described above. 

[0032] According to a yet further aspect of the present 
invention, there is provided an optical disk apparatus, 
comprising a photo-detector for detecting reflected light 
from a pit formed on a recording face of an information 
10 recording layer of an optical disk wherein the recording 
face of the information recording layer is covered with a 
transparent substrate, and a variable frequency charac- 
teristic amplifier for correcting a frequency characteristic 
of a signal output of the photo-detector so as to be a 
f5 predetermined frequency characteristic. 

[0033] With the optical disk apparatus, since the sig- 
nal amplitude played back from an optical disk exhibits, 
where the spherical aberration is not very great, such a 
variation that a high frequency side portion of the signal 
20 is emphasized as hereinafter described in detail, the 
variation of the frequency characteristic can be correct- 
ed by the variable frequency characteristic amplifier so 
that it may become a predetermined frequency charac- 
teristic which is an original frequency characteristic free 
25 from any aberration. 

[0034] In summary, according to the present inven- 
tion, only by forming a particular pattern in a particular 
region of an optical disk, a spherical aberration caused 
by a displacement of the substrate thickness can be de- 
30 tected and corrected without providing a special optical 
system for detecting the aberration on the optical head 
side, and therefore, an optical disk and an optical disk 
apparatus which can be designed as products without 
giving rise to an increase in size or an increase in cost 
35 of the apparatus can be anticipated. 

[0035] The above and other objects, features and ad- 
vantages of the present invention will become apparent 
from the following description and the appended claims, 
taken in conjunction with the accompanying drawings in 
40 which like parts or elements are denoted by like refer- 
ence symbols. 

BRIEF DESCRIPTION OF THE DRAWINGS 
45 [0036] 

FIGS. 1 A and 1 B are a top plan view and a sectional 
view, respectively, showing a general configuration 
of an optical disk to which the present invention is 
so applied; 

FIG. 2 is a schematic view showing an example of 
a particular pattern used for the optical disk of FIGS. 
1Aand1B; 

FIG. 3 is a waveform diagram showing an amplitude 
55 of a playback signal of a particular pattern wherein 
two pit trains having different periods are formed al- 
ternately on the optical disk shown in FIGS. 1 A and 
1B; 
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FIG. 4 is a diagram illustrating a variation of the am- 
plitude with respect to the displacement amount of 
the focus of the playback signal of the particular pat- 
tern shown in FIG. 3 where no spherical aberration 
is involved. 

FIG. 5 is a similar view but illustrating a variation of 
the amplitude with respect to the displacement 
amount of the focus of the playback signal of the 
particular pattern shown in FIG. 3 where a spherical 
aberration is involved. 

FIGS. 6 and 7 are schematic views showing differ- 
ent examples of an arrangement of the particular 
region of the optical disk shown in FIGS. 1 A and 1 B; 
FIG. 8 is a schematic view showing another exam- 
ple of the particular pattern of the optical disk shown 
in FIGS. 1A and 1B; 

FIG. 9 is a block diagram showing an optical head 
of an optical disk apparatus to which the present 
invention is applied and which can perform aberra- 
tion correction using the optical disk shown in FIGS. 
1A and 1B; 

FIG. 10 is a schematic view showing an example of 
an aberration correction element shown in FIG. 9; 
FIG. 1 1 is a schematic view showing a general con- 
figuration of a variable focus lens which uses liquid 
crystal as the aberration correction element shown 
in FIG. 9; 

FIG. 12 is a characteristic diagram illustrating a re- 
lationship between the wave aberration and the disk 
radial position; 

FIG. 13 is a characteristic diagram illustrating the 
principle of correction by a variable frequency char- 
acteristic amplifier shown in FIG. 9; 
FIG. 14 is a flow chart diagram illustrating a correc- 
tion procedure of a spherical aberration using the 
optical head of the optical disk apparatus shown in 
FIG. 9; 

FIG. 15 is a schematic view illustrating a manner 
wherein a very small spot is formed on an informa- 
tion recording layer of a conventional optical disk; 
FIG. 16 is a diagrammatic view showing a variation 
of the spot intensity distribution with respect to a 
variation of the focus displacement where the dis- 
placement of the thickness of a transparent sub- 
strate is within a tolerance; 

FIG. 17 is a similar view but showing a variation of 
the spot intensity distribution with respect to a var- 
iation of the focus displacement where the displace- 
ment of the thickness of a transparent substrate ex- 
ceeds the tolerance; and 

FIG. 1 8 is a schematic view showing a general con- 
figuration of a conventional aberration detection ap- 
paratus. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0037] Referring to FIGS. 1 A and 1 B, there is shown 
a general configuration of an optical disk to which the 



present invention is applied. The optical disk shown is 
generally denoted at 1 and includes a pair of transparent 
substrates 3 and an information recording layer 4 held 
between the transparent substrates 3. The optical disk 
5 1 has concentric or spiral information tracks formed on 
a recording face of the information recording layer 4 
thereof. Although the transparent substrates 3 are pro- 
vided on the front and rear faces of the information re- 
cording layer 4, otherwise a single transparent substrate 
10 3 may be provided only on the recording face side of the 
information recording layer 4. The information recording 
layer 4 may have a multilayer structure. Further, the in- 
formation recording layer 4 may be of a type wherein 
embossed pits are provided on the surface of a trans- 
*5 parent substrate or another type which uses such a re- 
cording medium that the state of the recording face 
changes when a laser beam is irradiated thereupon. 
[0038] A particular region 2 (region indicated by slant- 
ing lines in FIG. 1A) is provided on the innermost cir- 
20 cumference of the recording face of the optical disk 1 , 
and a particular pattern for detecting a spherical aber- 
ration caused by a displacement of the substrate thick- 
ness of the transparent substrate 3 is formed in the par- 
ticular region 2. FIG. 2 is a schematic view showing an 
25 example of the particular pattern. In the present exam- 
ple, the particular pattern is configured such that two 
kinds of pit trains 5 and 6 having different periods from 
each other are formed alternately. The period of the pit 
train 5 is longer than the period of the pit train 6. Such 
30 a particular pattern as just described may be formed in 
advance as embossed pits or may be written into the 
information recording layer 4 of the optical disk 1 by a 
known optical disk apparatus. Further, the particular pat- 
tern of the particular region 2 can be played back by a 
35 reading optical system of a known optical disk appara- 
tus. 

[0039] Now, a principle of detection of a spherical ab- 
erration from the particular pattern of the particular re- 
gion is described. 
40 [0040] FIG. 3 is a waveform diagram of a signal ob- 
tained by playing back the particular pattern wherein the 
two kinds of pit trains 5 and 6 having different periods 
from each other are formed alternately, As seen in FIG. 

3, the amplitude of the playback signal is large at a por- 
45 tion of the pit train 5 having the long period, but is small 

at another portion of the pit train 6 having the short pe- 
riod. In this manner, different signal amplitudes corre- 
sponding to the periods of the pit trains are obtained 
from the particular pattern, 
so [0041] FIG. 4 is a diagram illustrating a variation of 
the amplitude with respect to the amount of displace- 
ment of the focus of a playback signal of the particular 
pattern when no spherical aberration is involved. In FIG. 

4, a solid line curve indicates an amplitude variation of 
55 the playback signal of the pit train 5 of the longer period, 

and a broken line curve indicates an amplitude variation 
of the playback signal of the pit train 6 of the shorter 
period. In the present example, a condenser of a play- 
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back optical system is moved back and forth in the di- 
rection of an optical axis thereof to move the focus, and 
the amplitude variation of the playback signal from the 
pit trains 5 and 6 then is detected. As can be seen from 
the present example, where no aberration is involved, 
the variation of the amplitude of the playback signal 
when the playback spot is displaced from the focus of 
the playback optical system is substantially symmetrical 
before and after the focused point. 
[0042] FIG. 5 is a view illustrating a variation of the 
amplitude of the playback signal with respect to the 
amount of the displacement of the tocus of a playback 
signal of the particular pattern when a spherical aberra- 
tion is involved. In FIG. 5, a solid line curve indicates an 
amplitude variation of the playback signal of the pit train 
5 of the longer period, and a broken line curve indicates 
an amplitude variation of the playback signal of the pit 
train 6 of the shorter period. Also in the present example, 
while the focus of the playback optical system is dis- 
placed, the amplitude variation of the playback signal 
from the pit trains 5 and 6 is detected in a similar manner 
as in the case of FIG. 4 described above. As can be 
seen from the present example, if the thickness of the 
transparent thickness is displaced to cause an aberra- 
tion to appear, then the variation of the amplitude of the 
playback signal with respect to the focus displacement 
amount becomes different between the pit train 5 of the 
longer period and the pit train 6 of the shorter period. 
Particularly, a remarkable difference appears between 
the focus displacement amounts (focus offset amounts) 
which provide a maximum amplitude. In the example of 
FIG. 5, in the playback signal of the pit train 5 of the 
longer period, a maximum amplitude is provided for- 
wardly of the focus point (forwardly of the focus of the 
playback optical system), and in the playback signal of 
the pit train 6, a maximum amplitude is provided on the 
rear side of the focus point (rear side to the focus of the 
playback optical system). This arises from the two points 
that the variation of the beam shape is asymmetrical be- 
fore and after the focused point as seen in FIG. 1 7 and 
that the beam shape condition with which the apparent 
amplitude exhibits a maximum value is different de- 
pending upon the pit period. 

[0043] The focus displacement amounts (focus offset 
amounts) described above with reference to FIG. 5 with 
which maximum amplitudes of the pit train 5 of the long- 
er period and the pit train 6 of the shorter period are 
provided correspond to a spherical aberration which is 
caused by the displacement of the substrate thickness 
of the transparent substrate and is to be corrected. Con- 
sequently, by correcting the spherical aberration of the 
optical system itself so that the amplitude variations of 
the playback signals from the pit train 5 of the longer 
period and the pit train 6 of the shorter period shown in 
FIG. 5 may approach the amplitude variations shown in 
FIG. 4 or by performing correction in a frequency band 
of a signal output of the photo-detector for detecting re- 
flected light from the pit train, the influence of the spher- 
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ical aberration caused by the displacement of the sub- 
strate thickness of the transparent substrate upon the 
very small spot can be eliminated. 
[0044] As described above, in the optical disk 1 of the 

5 present embodiment, a particular pattern for spherical 
aberration detection is provided on the disk side, and a 
displacement of the substrate thickness can be detected 
with an optical system of a conventional optical head 
without providing a new optical system for detecting a 

10 spherical aberration. Further, since such a particular 
pattern has a very small data amount, it does not dete- 
riorate the disk capacity. 

[0045] Further, with the optical disk 1 of the present 
embodiment, since only it is necessary to provide a par- 
's ticular pattern in the particular region 2 of the recording 
face of the disk, an existing method can be used for pro- 
duction of the disk, and the cost does not increase. 
[0046] Furthermore, since such variations of the am- 
plitudes of the playback signals of the pit trains of the 
20 long and short periods as seen in FIG. 5 exhibit reversal 
of the sign of the focus displacement with which a max- 
imum amplitude is provided depending upon whether 
the substrate thickness is displaced to the thicker side 
or the thinner side, there is an advantage that not only 
25 an absolute value of the aberration but also discrimina- 
tion based on the sign can be performed. 
[0047] In the optical disk of the present embodiment 
described above, only if a spherical aberration caused 
by a displacement of the substrate thickness canbe de- 
30 tected, the particular region 2 may be provided at any 
position on the disk. However, preferably the particular 
region 2 is provided such that the spherical aberration 
can be corrected comparatively effectively. For exam- 
ple, if part of the lead-in region of the innermost circum- 
35 ference at which an optical disk apparatus performs pull- 
in of servoing or acquisition of disk information is used 
as the particular region 2 as shown in FIG. 1 A, then de- 
tection of a spherical aberration caused by a displace- 
ment of the substrate thickness can be performed in an 
40 initial stage of playback of the disk. Meanwhile, if the 
displacement of the substrate thickness of the transpar- 
ent substrate 3 is substantially equal overthe entire area 
of the optical disk 1, then it is sufficient if the particular 
region 2 is provided at one suitable location of the optical 
45 disk 1 . Where the substrate thickness of the transparent 
substrate 3 is not uniform, preferably the particular re- 
gion 2 is provided taking the variation of the substrate 
thickness into consideration. Where the transparent 
substrate 3 is produced, for example, by injection mold- 
so ing, since molten resin is flowed in a radial direction, the 
thickness of the substrate varies in a radial direction of 
the disk (radius dependency) . In such an instance, pref- 
erably the particular region 2 is provided at a plurality of 
particular regions in a radial direction of the disk. 
55 [0048] Particular arrangement examples of the partic- 
ular region are shown in FIGS. 6 and 7. In the example 
of FIG. 6, the particular region 2 is provided in each of 
the lead-in region (region indicative of the start of data) 
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of the innermost circumference and the lead-out region 
(region indicative of the end of data) of the outermost 
circumference of the optical disk 1 . In this instance, if 
the thickness dependency in a disk radial direction is 
substantially fixed, then the thickness displacement 
amount in an intermediate region can be estimated 
readily from the substrate thickness displacement 
amounts at the two locations. Meanwhile, in the exam- 
ple of FIG. 7, the particular region is provided at a par- 
ticular position in a rotational direction such that it ex- 
tends radially from the inner circumference to the outer 
circumference. This example is advantageous in that 
the thickness displacement can be detected at any ra- 
dial position. 

[0049] It is to be noted that, where the recording layer 
of the optical disk 1 is a multilayer medium, the particular 
region may be provided for each layer such that the ab- 
erration displacement amount may be determined for 
each layer. Further, where the recording layer of the op- 
tical disk 1 is a multilayer medium and the accuracy of 
the layer distance between the information recording 
layers is obtained sufficiently, the particular region may 
be provided for a predetermined layer (one layer) while 
the aberration displacement amount of any other infor- 
mation recording layer may be determined by adding a 
fixed displacement amount to a correction amount for 
the predetermined layer. 

[0050] As regards the periods of the particular pattern 
to be formed in the particular region, if a minimum period 
and a maximum period of a coded pit train used com- 
monly for data to be recorded are selected, then detec- 
tion with a high sensitivity can be achieved. For exam- 
ple, in a CD system, while pits whose lengths are differ- 
ent little by little from one another are formed along cir- 
cumferences of the disk, totaling nine different lengths 
are used for the pits. In this instance, the lengths of the 
minimum pit and the maximum pit are the length equal 
to three times a basic unit and the length equal to 11 
times the basic unit, respectively. Where the periods of 
the minimum pit and the maximum pit are used as the 
periods of the particular pattern to be formed in the par- 
ticular region, also the periods of pits of the remaining 
7 patterns are covered and an influence of a spherical 
aberration can be eliminated efficiently. Further, if three 
or more periods are utilized as the periods of the partic- 
ular pattern, then an Influence by a spherical aberration 
can be corrected finely for each of the periods, and de- 
tection with a reduced dispersion over the entire signal 
can be anticipated. 

[0051 ] In the example of the particular pattern shown 
in FIG. 2, the same pattern is formed also in an adjacent 
track Such a manner of formation of the particular pat- 
tern as just described is effective where the aberration 
amount variation range is great and an increase of the 
beam diameter upon detection of an aberration amount 
increases the crosstalk from the adjacent track. Further, 
if the same particular pattern is formed on a great 
number of tracks which cover the amount of eccentricity 



of the optical disk, then an aberration amount can be 
detected using only focusing servoing without using 
tracking servoing. It is to be noted that, where the aber- 
ration amount variation is not very great, the recorded 

5 pattern may be different from that of an adjacent track. 
[0052] Further, if a pit train having a plurality of periods 
is formed in one circumference of a track, then there is 
an advantage that amplitude data of the different peri- 
ods can be acquired in one rotation without movement 

10 to another track. Furthermore, if a plurality of pit trains 
of the same period are disposed at different locations of 
the same circumference and amplitude data from the 
positions are averaged, then dispersion components in- 
volved in rotation can be averaged and aberration de- 

15 tection with a high degree of accuracy can be anticipat- 
ed. 

[0053] Also a pattern wherein pits 7 and 8 (pit 7 > pit 
8) having different lengths are disposed alternately in a 
fixed period as shown in FIG. 8 can be utilized as the 

20 particular pattern. In this instance, an occurrence 
amount of aberrations can be detected from the fact that 
the ratio of signal amplitudes at the individual pits when 
the pit train is played back is displaced from an estimat- 
ed amplitude ratio. Although the range of aberrations 

25 which can be detected is smaller than that where a plu- 
rality of patterns of different periods are utilized as de- 
scribed above, there is an advantage that the detection 
is possible with the smaller pattern length. 
[0054] It is to be noted that, while the foregoing de- 

30 scription is given such that pits of different lengths are 
used, those whose lengths differ may be not pits but 
spaces . In this instance, only the signal polarity is re- 
versed. 

[0055] Also a different method is available wherein, 

35 as the particular pattern, a combination of a pit train of 
a VFO (Variable Frequency Oscillator) pattern formed 
in a fixed short period by a VFO circuit which generates 
a peak pulse corresponding to a peak position of an out- 
put voltage which increases in proportion to a differential 

40 value of a magnetic field generated from a medium upon 
reading out and another following pit train of a random 
pattern including a long mark pattern is used. Where the 
aberration amount is not very great, since the envelope 
amplitude (envelopes interconnecting amplitude values 

45 of a waveform along the axis of time) of the random pat- 
tern can be regarded as equivalent to a playback ampli- 
tude of the long period pattern, where it is combined with 
the playback amplitude of the VFO pattern of the short 
period, detection of an aberration caused by the sub- 

50 strate thickness displacement can be performed in ac- 
cordance with the same principle as that where the long 
and short periods are used as described above. In this 
instance, there is an advantage that the particular pat- 
tern can be used commonly with preformat data. It is to 

55 be noted, however, that it is difficult to use such an ad- 
dress header region as is used in a conventional record- 
ing medium as it is as the particular pattern because the 
length of an address region which is regarded as the 
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random region is excessively short when compared with 
the length of the VFO pattern and also the frequency of 
the long mark patterns is not fixed. 
[0056] Now, an optical disk apparatus which can per- 
form aberration correction upon recording or playback 
of information using the optical disk described above is 
described. 

[0057] FIG. 9 is a block diagram showing an optical 
head of an optical disk apparatus to which the present 
invention is applied and which can perform aberration 
correction using the optical disk of the present invention. 
Referring to FIG. 9, the optical disk apparatus shown 
includes a laser light source 10, and a beam splitter 11, 
an aberration correction element 14 and a condenser 
13 disposed successively in an advancing direction of 
laser light emitted from the laser light source 10. The 
laser light is condensed by the condenser 13 so that a 
very small spot is formed on the recording face of an 
information recording layer 4 of an optical disk 1 used 
as a recording medium. Further, reflected light from the 
optical disk 1 successively passes through the aberra- 
tion correction element 1 4 and the aberration correction 
element 1 4 again and enters the beam splitter 11 .A pho- 
to-detector 1 2 is disposed in an advancing direction of 
that portion of the incoming light which is reflected by 
the beam splitter 1 1 . A variable frequency characteristic 
amplifier 15 is provided at an output of the photo-detec- 
tor 12. In an actual optical system, an optical system for 
detecting a focusing error and a tracking error is incor- 
porated. However, since it does not relate to the princi- 
ple of the present invention, it is omitted here. It is to be 
noted that a conventional optical system can be utilized 
as it is for the error detection system. Further, the con- 
densing optical system may use a collimate lens or use 
a configuration for splitting reflected light efficiently by 
means of a polarizing beam splitter and a quarter-wave 
plate. 

[0058] The aberration correction element 14 varies 
the diverging or converging angle of an incoming light 
beam to the condenser. FIG. 10 shows an example of 
the aberration correction element. Referring to FIG. 10, 
the aberration correction element shown includes a 
combination of a concave lens 1 6 and a convex lens 1 7. 
The diverging or converging angle of the incoming light 
beam to the condenser can be varied by varying the dis- 
tance between the concave lens 1 6 and the convex lens 
17. Consequently, the incoming angle of the beam to 
the condenser can be controlled, and correction of an 
aberration caused by substrate thickness displacement 
utilizing a spherical aberration caused by the condenser 
itself can be performed. 

[0059] FIG. 1 1 is a schematic view showing a general 
configuration of a variable focus lens employing liquid 
crystal which is another form of the aberration correction 
element. Referring to FIG. 11, the variable focus lens 
shown is formed from a liquid crystal element 1 9 having 
a concentrical electrode pattern 1 8 . In the variable focus 
lens, the phase variation amount of liquid crystal trans- 



mission light can be controlled with a voltage applied to 
the electrode pattern 18. A wave aberration caused by 
displacement of the substrate thickness exhibits, as in- 
dicated by a solid line in FIG. 12, reversal between the 

5 positive and negative signs of the wave aberration 
across a certain position (in the proximity of a focused 
point) in a disk radial direction such that the sign of the 
wave aberration is positive on the inner circumference 
side and negative on the outer circumference side. Par- 

10 ticulariy on the outer circumference side, the wave ab- 
erration exhibits a tendency that it increases progres- 
sively toward the outer circumference side. By perform- 
ing such control of the phase variation amount of liquid 
crystal transmission light by liquid crystal as indicated 

is by a slanting line region in FIG. 12 against such radial 
position dependency as just described, a condensed 
spot almost equivalent to that where there is no substan- 
tial aberration can be obtained. 

[0060] For the aberration correction element, a com- 
20 bination of two convex lenses, a hologram lens or the 
like can be used in addition to those described above. 
Where a collimator lens is used for the condensing op- 
tical system, a similar effect can be anticipated by mov- 
ing the position of the collimator lens itself in the direc- 
ts tion of an optical axis thereof. 

[0061] Referring back to FIG. 9, a control section 20 
controls the adjustment of the diverging or converging 
angle of an incoming light beam by the aberration cor- 
rection element 14 so that the amplitude of the playback 
30 signal of the particular pattern formed in a particular re- 
gion of the recording face of the information recording 
layer 4 of the optical disk 1 , which is outputted from the 
photo-detector 12, may be a predetermined amplitude. 
The control section 20 has an aberration detection sec- 
35 tion 21 and an incoming angle control section 22 whose 
operation is different whether the particular pattern is 
such as shown in FIG. 2 or such as shown in FIG. 8. 
[0062] Where the particular pattern is such as shown 
in FIG. 2, while the aberration detection section 21 first 
40 moves the aberration correction element 1 4 along its op- 
tical axis, it obtains, from an output of the photo-detector 
12, a playback signal of the particular pattern formed in 
a particular region of the recording face of the aberration 
correction element 14 and including a plurality of pit 
f5 trains having different periods from each other and dis- 
posed alternately. Then, the aberration detection sec- 
tion 21 determines amplitude variations with respect to 
focus displacement amounts of playback signals of the 
individual pit trains from the obtained playback signal 
so and determines focus offset amounts each of which ex- 
hibits a maximum amplitude from the determined ampli- 
tude variations of the playback signals of the pit trains. 
Then, the incoming angle control section 22 controls the 
adjustment of the diverging or converging angle of the 
55 incoming light beam by the aberration correction ele- 
ment 14 so that the difference between the focus offset 
amounts of the different pit trains determined by the ab- 
erration detection section 21 may be minimized. 
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[0063] Where the particular pattern is such as shown 
in FIG. 8, the aberration detection section 21 first deter- 
mines, from a playback signal, outputted from the photo- 
detector 12, of the particular pattern formed in a partic- 
ular region of the recording face of the information re- 
cording layer 4 and including pits 7 (or spaces between 
pits) of a first length and pits 8 (or spaces between pits) 
of a second length disposed alternately in a fixed period, 
the ratio between the amplitude of the playback signal 
from a pit 7 (or a space between pits) and the amplitude 
of the playback signal from a pit 8 (or a space between 
pits). Then, the incoming angle control section 22 con- 
trols the adjustment of the diverging or converging angle 
of the incoming light beam by the aberration correction 
element 14 so that the amplitude ratio determined by 
the aberration detection section 21 may have a prede- 
termined value. 

[0064] FIG. 13 is a view illustrating the principle of cor- 
rection by a variable frequency characteristic amplifier. 
Within a range wherein the appearing spherical aberra- 
tion is not very large, the signal amplitude played back 
from an optical disk exhibits such a variation that the 
high frequency side is emphasized as seen from a dot- 
ted line curve from a solid line curve of FIG. 13. Accord- 
ingly, if the characteristic of the variable frequency char- 
acteristic amplifier is selected so that the variation of the 
frequency characteristic may approach its original fre- 
quency characteristic (indicated by the solid line curve 
in FIG. 13), then the playback signal characteristic can 
be corrected. Although the aberration correction by the 
variable frequency characteristic amplifier cannot cope 
readily with a case wherein the substrate thickness dis- 
placement is great, it has an advantage that a conven- 
tional optical head optical system can be utilized as it is. 
[0065] Now, aberration correction operation of the op- 
tical disk apparatus is described. FIG. 14 is a flow chart 
illustrating a correction procedure of a spherical aberra- 
tion using the optical head of the optical disk apparatus 
shown in FIG. 9. 

[0066] After an optical disk 1 is set in position (step 
S1), servoing is rendered operative in a state wherein 
no aberration correction is performed to play back the 
particular pattern (step S2). This particular pattern play- 
back is performed while the condenser 13 is moved 
back and forth along the optical axis thereof. If a spher- 
ical aberration appears due to a thickness displacement 
of the transparent substrate 3, then the amplitude vari- 
ation of the playback signal is different between the pit 
train 5 of a long period and the pit train 6 of a short period 
as shown in FIG. 5. Then, a focus displacement amount 
which provides a maximum amplitude is determined 
from each of the playback signal amplitude variations of 
the individual pit trains (step S3). Then, aberration cor- 
rection by the aberration correction element 1 4 is per- 
formed so that the difference between the determined 
focus displacement amounts of the individual pit trains 
may be minimized (step S4). 

[0067] If sufficient aberration correction cannot be 



performed by the aberration correction processing in 
steps S2 to S4 in the aberration correction operation de- 
scribed above, then the processing in steps S2 to S4 
can be repeated so that an optimum state may be ap- 
5 proached. 

[0068] Further, if also the focus displacement amount 
(focus offset amount) is optimized simultaneously with 
the aberration correction, then a condensed spot nearer 
to an ideal one can be obtained. In this instance, a meth- 
10 od wherein the processes of aberration correction and 
focus displacement correction are repeated alternative- 
ly like aberration correction, focus displacement correc- 
tion, aberration correction and focus displacement cor- 
rection to proceed with optimization or another method 
*5 wherein the aberration and focus displacement 
amounts are varied simultaneously until an optimum 
condition is reached may be used. 
[0069] It is to be noted that the aberration correction 
flow described above is a flow of processing where the 
20 particular pattern is such as shown in FIG. 2, and where 
the particular pattern is such as shown in FIG. 8, the 
processing in steps S3 and S4 illustrated in FIG. 14 is 
modified in the following manner. 
[0070] From the playback signals of a pit 7 (or a space 
25 between pits) and a pit 8 (or a space between pits) ob- 
tained in step S2, the ratio between the amplitude of the 
playback signal from the pit 7 (or space between pits) 
and the amplitude of the playback signal from the pit 8 
(or space between pits) is determined, and aberration 
30 correction by the aberration correction element 14 is 
performed so that the amplitude ratio may have a pre- 
determined value. 

[0071] After the aberration correction with the partic- 
ular pattern is performed in such a manner as described 
35 above, playback of data pits recorded on the information 
recording layer 4 of the optical disk 1 is performed. Usu- 
ally, the optical disk apparatus includes a storage sec- 
tion (semiconductor memory or the like) for storing ad- 
justment values of the diverging or converging angle of 
40 an incoming light beam by the aberration correction el- 
ement set through the correction processing described 
above so that the amplitude of the playback signal of the 
particular pattern may have a predetermined amplitude, 
and upon playback of a pit train other than the particular 
45 pattern formed on the recording face of the information 
recording layer 4, the control section 20 calculates an 
adjustment value for the pit train through interpolation 
from the adjustment values stored in the storage section 
in accordance with the period and the disk radial position 
so of the pit train and performs adjustment of the diverging 
or converging angle of the incoming light beam by the 
aberration correction element 14 in accordance with the 
adjustment value calculated through the interpolation. 
[0072] It is possible to provide the particular region 2 
55 of the optical disk 1 in a plurality of regions in a disk 
radial direction and, in the aberration correction opera- 
tion described above, determine aberration correction 
amounts at the individual positions in advance and then 
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calculate a correction amount at a radial position, at 
which the particular pattern is not provided, through in- 
terpolation in accordance with a predetermined func- 
tion. With a usual substrate produced by injection mold- 
ing, even if it is assumed that the substrate thickness 
exhibits a linear variation in a radial direction, the aber- 
ration can be corrected with a considerable degree. Fur- 
ther, with such a transparent substrate (transparent film) 
as is formed by spin coating, since it exhibits a charac- 
teristic that it has a thickness progressively increasing 
only at an outermost circumference portion, the partic- 
ular region 2 should be provided to effect correction tak- 
ing the characteristic into consideration. 
[0073] Where the optical disk 1 is of the recordable 
type but does not have the particular pattern formed in 
advance thereon, it is possible to first perform recording 
operation of the particular pattern in a condition wherein 
aberration correction is not performed and then play 
back the recorded pattern to perform aberration correc- 
tion. Further, since a recordable optical disk in most cas- 
es has a region for exclusive use for test recording pro- 
vided in the lead-in region orthe like in order to perform 
recording power calibration and so forth, it is possible to 
utilize the region to record the particular pattern. 
[0074] While the optical disk apparatus described 
above indicates, as means for correcting a spherical ab- 
erration caused by a displacement of the substrate 
thickness of the transparent substrate of the optical disk 
1 , the optical aberration correction element 14 and the 
variable frequency characteristic amplifier 1 5 which per- 
forms correction in the frequency band of the signal out- 
put of the photo-detector 12, a configuration which in- 
cludes only one of them may be adopted. 
[0075] While a preferred embodiment of the present 
invention has been described using specific terms, such 
description is for illustrative purposes only, and it is to 
be understood that changes and variations may be 
made without departing from the spirit or scope of the 
following claims. 



region formed in an innermost circumference region 
of said disk (1). 

3. An optical disk as set forth in claim 1 , characterized 
5 in that the particular region (2) is formed at a plu- 
rality of locations of different radial positions of said 
disk (1). 

4. An optical disk as set forth in claim 3, characterized 
10 in that the particular region (2) is formed at each of 

part of a lead-in region formed in an innermost cir- 
cumference region of said disk (1) and part of a 
lead-out region formed in an outermost circumfer- 
ence region of said disk (1). 

15 

5. An optical disk as set forth in claim 1 , characterized 
in that the particular pattern includes a plurality of 
pit trains having different periods from each other 
and disposed alternately. 

20 

6. An optical disk as set forth in claim 5 , characterized 
in that the particular pattern includes a minimum 
period and a maximum period of coded data to be 
recorded on the recording face of said information 

25 recording layer (4). 

7. An optical disk as set forth in claim 5, characterized 
in that a plurality of pit trains (5, 6; 7, 8) having dif- 
ferent periods from each other are disposed alter- 

30 nately over an entire circumference in the same 
track. 

8. An optical disk as set forth in claim ^characterized 
in that the particular pattern includes pits (5; 7) or 

35 spaces between pits (5; 7) of a first length and pits 
(6; 8) or spaces between pits (6; 8) of a second 
length disposed alternately in a fixed period. 

9. An aberration correction method, characterized in 
40 that it comprises: 



Claims 

1 . An optical disk wherein a recording face of an infor- 
mation recording layer (4) on which a very small 45 
spot for recording or playing back information is 
formed is covered with a transparent substrate (3), 
characterized in that 

a particular pattern from which a spherical ab- 
erration of the very small spot which appears in ac- so 
cordance with a displacement of the thickness of 
the transparent substrate (3) from a prescribed val- 
ue can be detected is formed in a particular region 
(2) of the recording face of said information record- 
ing layer (4). 55 

2. An optical disk as set forth in claim 1 , characterized 
in that the particular region (2) is part of a lead-in 



a first step of forming, in a particular region (2) 
of a recording face of an information recording 
layer (4) of an optical disk (1) wherein the re- 
cording face of the information recording layer 
(4) on which a very small spot for recording or 
playing back information is formed is covered 
with a transparent substrate (3), a particular 
pattern wherein a plurality of pit trains (5, 6; 7, 
8) having periods different from each other are 
disposed alternately; 

a second step of moving a condenser (13) for 
forming the very small spot along an optical axis 
of said condenser (13) to play back the partic- 
ular pattern to determine amplitude variations 
of playback signals of the pit trains (5, 6) with 
respect to a focus error amount; 
a third step of determining focus offset amounts 
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each of which provides a maximum amplitude 
from the amplitude variations of the playback 
signals of the pit trains (5, 6) determined in the 
second step; and 

a fourth step of adjusting the angle with which 
a light beam incoming to said condenser (13) 
diverges or converges so that the difference be- 
tween the focus offset amounts of the pit trains 
(5, 6) determined in the third step may be min- 
imized to correct the spherical aberration of the 
very small spot which appears in accordance 
with a displacement of the thickness value of 
said transparent substrate (3) from a pre- 
scribed value. 

10. An aberration correction method, characterized in 
that it comprises: 

a first step of forming, in a particular region (2) 
of a recording face of an information recording 
layer (4) of an optical disk (1) wherein the re- 
cording face of the information recording layer 
(4) on which a very small spot for recording or 
playing back information is formed is covered 
with a transparent substrate (3). a particular 
pattern wherein pits (5; 7) or spaces between 
pits (5; 7) having a first length and pits (6; 8) or 
spaces between pits (6; 8) having a second 
length are disposed alternately in a fixed peri- 
od; and 

a second step of adjusting the angle with which 
a light beam incoming to said condenser (13) 
diverges or converges so that the ratio between 
the amplitude of a playback signal from the pits 
(5; 7) or the spaces between pits (5; 7) of the 
first length and the amplitude of another play- 
back signal from the pits (6; 8) or the spaces 
between pits (6; 8) of the second length may 
have a predetermined value to correct the 
spherical aberration of the very small spot 
which appears in accordance with a displace- 
ment of the thickness value of said transparent 
substrate (3) from a prescribed value. 

11. An aberration correction method as set forth In 
claim 9 or 1 0, characterized In that it further com- 
prises a step of correcting a frequency characteris- 
tic of a signal output of a photo-detector (12) which 
detects reflected light from the pits (5, 6; 7, 8) 
formed on the recording face of said information re- 
cording layer (4) so as to be a predetermined fre- 
quency characteristic to correct the spherical aber- 
ration of the very small spot occurring in accordance 
with the displacement of the thickness of said trans- 
parent substrate (3) from the prescribed value. 

12. An optical disk apparatus, characterized in that it 

comprises: 



a condenser (1 3) movable along an optical axis 
thereof for forming a very small spot for record- 
ing or playing back information on a recording 
face of an information recording layer (4) of an 

5 optical disk (1) wherein the recording face of 

the information recording layer (4) is covered 
with a transparent substrate (3); 
an aberration correction element (14) for ad- 
justing the angle with which a light beam incom- 

w ing to said condenser (13) diverges or converg- 

es; 

a photo-detector (12) for detecting reflected 
light from a pit formed on the recording face of 
the information recording layer (4); and 

15 control means (20) for controlling the adjust- 

ment of the diverging or converging angle of the 
incoming light beam by said aberration correc- 
tion element (14) so that the amplitude of a 
playback signal, outputted from said photo-de- 

20 tector (12), of a particular pattern formed in a 

particular region (2) of the recording face of the 
information recording layer (4) from which a 
spherical aberration of the very small spot oc- 
curring in accordance with a displacement of 

25 the thickness of the transparent substrate (3) 

from a prescribed value can be detected may 
be a predetermined amplitude. 

13. An optical disk apparatus as set forth in claim 12, 
30 characterized in that said control means (20) in- 
cludes: 

aberration detection means (21) for moving 
said condenser (1 3) along the optical axis of the 
35 same to obtain, from the output of said photo- 

detector (12), a playback signal of the particular 
pattern formed in the particular region (2) of the 
recording face of the information recording lay- 
er (4) and including a plurality of pit trains (5, 6) 
40 having periods different from each other and 

disposed alternately, determining, from the ob- 
tained playback signal, amplitude variations of 
the playback signals of the pit trains (5, 6) with 
respect to a focus error amount and determin- 
es ing focus offset amounts each of which pro- 
vides a maximum amplitude from the deter- 
mined amplitude variations of the playback sig- 
nals of the pit trains (5, 6); and 
incoming angle control means (22) for control- 
so ling the adjustment of the angle with which the 
incoming light beam diverges or converges by 
said aberration correction element (14) so that 
the difference between the focus offset 
amounts of the pit trains (5, 6) determined in by 
55 said aberration detection means (21) may be 
minimized. 

14. An optical disk apparatus as set forth in claim 12, 
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characterized in that said control means (20) in- 
cludes: 

aberration detection means (21) for determin- 
ing, from the playback signal, outputted from 5 
said photo-detector (12), of the particular pat- 
tern formed in the particular region (2) of the 
recording face of the information recording lay- 
er (4) and including pits (5; 7) or spaces be- 
tween pits (5; 7) of a first length and pits (6; 8) io 
or spaces between pits (6; 8) of a second length 
disposed alternately in a fixed period, a ratio 
between the amplitude of the playback signal 
from the pits (5; 7) or the spaces between pits 
(5; 7) of the first length and the amplitude of the *5 
playback signal from the pits (6; 8) or the spac- 
es between pits (6; 8) of the second length; and 
incoming angle control means (22) for control- 
ling the adjustment of the diverging or converg- 
ing angle of the light beam by said aberration 20 
correction element (14) so that the amplitude 
ratio determined by said aberration detection 
means (21) may have a predetermined value. 



a photo-detector (12) for detecting reflected 
light from a pit formed on a recording face of an 
information recording layer (4) of an optical disk 
(1) wherein the recording face of the informa- 
tion recording layer (4) is covered with a trans- 
parent substrate (3); and 
a variable frequency characteristic amplifier 
(15) for correcting a frequency characteristic of 
a signal output of said photo-detector (12) so 
as to be a predetermined frequency character- 
istic. 



15. An optical disk apparatus as set forth in any one of 25 
claims 12 to 14, characterized in that it further 
comprises a variable frequency characteristic am- 
plifier (15) for correcting a frequency characteristic 
of the signal output of said photo-detector (12) so 
as to be a predetermined frequency characteristic. 30 



16. An optical disk apparatus as set forth in claim 12, 
characterized in that 



it further comprises storage means for storing 35 
adjustment values of the diverging or converg- 
ing angle of the incoming light beam by said ab- 
erration correction element (14) set so that the 
amplitude of the playback signal of the particu- 
lar pattern may be a predetermined amplitude, 40 
and 

said control means (20) calculates, upon play- 
back of a pit train other than the particular pat- 
tern formed on the recording face of the infor- 
mation recording layer (4), an adjustment value *s 
for the pit train through interpolation from the 
adjustment values stored in said storage 
means in accordance with a period of the pit 
train and a radial position of the disk (1) and 
performs the adjustment of the diverging or so 
converging angle of the incoming light beam by 
said aberration correction element (14) with the 
adjustment value calculated through the inter- 
polation. 

55 

17. An optical disk apparatus, characterized in that it 

comprises: 
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FIG. 1A 
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FIG. 14 
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